Retention behaviour of molecules mostly depends on their chemical structure. Retention data of biologically active molecules could be an indirect relationship between their structure and biological or pharmacological activity, since the molecular structure affects their behaviour in all pharmacokinetic stages. In the present paper, retention parameters (R M 0 ) of biologically active 1,2-O-isopropylidene aldohexose derivatives, obtained by normalphase thin-layer chromatography (NP TLC), were correlated with selected physicochemical properties relevant to pharmacokinetics, i.e. absorption, distribution, metabolism, and elimination (ADME) properties. Conducted correlation analysis showed high dependence between R M 0 and blood brain barrier penetration, skin permeability, enzyme inhibition, binding affinity to nuclear receptor ligand and G protein-coupled receptors, as well as lipophilicity (expressed as Hansh-Leo's parameter Clog P). The statistical validity of the established polynomial dependence of the second degree between R M 0 and mentioned ADME properties was confirmed by standard statistical measures and leave-one-out crossvalidation method. On the basis of in-silico calculated ADME properties and retention data, the similarity between studied molecules was examined using principal component analysis (PCA). The obtained results indicate the possibility of predicting ADME properties of studied compounds on the basis of their retention data (R M 0 ). These preliminary results could be treated as guideline for selecting new 1,2-O-isopropylidene aldohexose derivatives as drug candidates.
Introduction
The biological role of aldohexoses (i.e. glucose, mannose, galactose, etc.) is well known. Therefore, in several scientific publications attention was paid to the investigation of biological and pharmacological activity of some aldohexose derivatives, such as isopropylidene derivatives. In earlier studies it was found that isopropylidene derivatives of aldohexoses exhibit immunomodulatory function (1) and interaction with the human erythrocyte glucose transport system (2). Recent researches indicate that these compounds can induce erythroid differentiation of human leukemic K562 cells (3) (4) (5) , and manifest antimicrobial activity (6, 7). Besides, mentioned derivatives have conveniently been used as starting compounds and key intermediates in the R M = R M 0 + S • φ Equation (2) where R M 0 is the intercept and S is the slope. In this paper, R M 0 factors were correlated with insilico ADME properties of 1,2-O-isopropylidene derivatives of aldohexoses.
The main purpose of the conducted correlation analysis was to determine the ability to predict ADME properties of these molecules using chromatographic retention data, since the chromatography has been shown to be quite successful in modeling physicochemical and biological properties (19) (20) (21) (22) . Due to presence of relatively large number of variables for each compound, it was useful to apply PCA on calculated ADME properties and R M 0 values in order to reveal some similarities among studied compounds.
Experimental

Studied compounds
The structures of the aldohexose derivatives examined in this paper are presented in Figure 1 , and their names are shown in Table  1 . These compounds contain several functional groups which differ in polarity: hydroxyl, methanesulfonyl, p-toluenesulfonyl, and acetyl group.
Thin-Layer Chromatography (TLC)
Analytical procedure for TLC was described in detail previously (23) . R M 0 factors obtained using three different mobile phases (cyclohexane as a diluent; acetone, dioxane, tetrahydrofuran as modifiers) were included in the present study. Data for linear correlation between R M and φ were previously reported (23) .
Calculation of ADME properties
On the basis of 2D structural models, drawn in ChemBioDraw Ultra version 12.0 software (Cambridge Software), ADME properties of studied compounds were calculated using online . The values of the observed properties are presented in Table 2 .
Generally, only the unbound drug molecule is available for diffusion or transport across synthesis of several biologically active compounds (8-11). The compounds studied in this paper may exhibit pharmacological activity based on their structural similarity to the known, active compounds. The potential use of these derivatives as therapeutic agents mostly depends on their pharmacokinetics and pharmacodynamics. Pharmacokinetic phase includes absorption, distribution, metabolism, and elimination (ADME) of the drug. Screening and optimizing ADME properties in the early stage of the drug development process are widely accepted (12). Fast evaluation of ADME properties will save both time and expense. However, due to the complex nature of these properties and the time-consuming experimental procedures involved, these properties are not apt to experimental screening (13). Therefore, a large number of in-silico ADME models have been developed (14, 15) . According to the analysis of the failed new chemical entities, the leading causes of failures (~50-60%) are poor ADME properties and adverse effects, which contribute significantly more than a lack of efficacy (~30%) (16).
Many of the factors that influence drug action apply to all aspects of the pharmacokinetic phase. Molecular structure is an important factor for ADME properties of investigated molecules, and can be used as a predictor of their pharmacokinetics. Since the retention behaviour mostly depends on molecular structure, in the present study correlation between retention data and several ADME properties of 1,2-O-isopropylidene derivatives of aldohexoses was examined using chemometric approach. Retention behaviour of studied derivatives was examined using NP TLC, and it is described by the R M value defined by the Bate-Smith equation (17, 18):
Equation (1) Where R f is the so-called retardation factor, defined as the ratio of the single zone distance and the solvent front. The value of R M depends linearly on the logarithm of the concentration of the organic modifier in the mobile phase (φ) according to the following equation: Molecule Name cell membranes and for interaction with a pharmacological target. As a result, a degree of plasma protein binding (PPB%) of a drug influences on the drug's action, its disposition and efficacy. Therefore, the PPB% is an important pharmacokinetic factor and is determinant in the actual dosage regimen (frequency), but not important for the daily dose size (27). Blood-brain barrier (BBB) penetration is crucial in pharmaceutical sphere because CNSactive compounds must pass through it. BBB penetration is presented as concentration ratio of steady-state of radiolabeled compounds in brain (C brain ) and peripheral blood (C blood ).
Predicting human intestinal absorption (HIA%) of drugs is very important for identifying potential drug candidate. HIA% data are the sum of bioavailability and absorption evaluated from ratio of excretion or cumulative excretion in urine, bile and feces (28).
For the development of bioactive molecules as therapeutic agents, oral bioavailability is often an important consideration. Caco-2 cell model and Madin-Darby canine kidney (MDCK) cell model have been recommended as a reliable in-vitro model for the prediction of oral drug absorption. Caco-2 cells, a well-differentiated intestinal cell line derived from human colorectal carcinoma, display many of the morphological and functional properties of the in-vivo intestinal epithelial cell barrier (29). Advantage of MDCK cells is that its growth period is shorter than Table 2 . The values of ADME properties of the studied compounds obtained using in-silico method.
Caco-2 cell, so MDCK cells system may be used as good tool for rapid permeability screening (30).
In the pharmaceutical, cosmetics and agrochemical fields, it is important to predict the skin permeability (SP) rate as a crucial parameter for the transdermal delivery of drugs. PreADMET program predicts in-vitro SP and the result value is given as logK p . K p (cm/h) is defined as (31):
Equation (3) where K m is distribution coefficient between stratum corneum and vehicle, D is average diffusion coefficient (cm 2 /h), and h is thickness of skin (cm).
Calculation of bioactivity scores for G protein-coupled receptors ligand (GPCR), ion channel modulation (ICM), kinase inhibition (KI), nuclear receptor ligand (NRL), protease inhibition (PI), and enzyme inhibition (EI) was done using Molinspiration software. These values indicate binding affinity of examined compounds to the mentioned receptors and enzymes (negative values mean low affinity, while positive values indicate greater affinity).
Lipophilicity of a compound is an important physicochemical parameter, which determines biological processes as it is related to absorption, bioavailability, hydrophobic drug-receptor interacions, metabolism, and toxicity (32). The lipophilicity affects the penetration of bioactive molecules through the apolar cell membrane, and it is a very important factor for pharmacokinetic phase (33). Hansh-Leo's partition coefficient for n-octanol/water bi-phase system (Clog P) was calculated using ChemBioDraw Ultra version 12.0 software.
PCA
PCA is a multivariate statistical method that is usually used to reduce the dimensionality (number of variables) of a large number of interrelated variables, while retaining as much of the information (variation) as possible. The first principal component (PC1) is chosen in the direction of the largest variance in the data set, followed by the second one that encloses the rest of the variability and so on (32). The corresponding loadings plot displays relationships between variables and can be used to identify variables (R M 0 values and ADME properties in this study) that contribute to the positioning of the compounds on the scores plot and hence influence any observed groups in the data set. In this study PCA was carried out using Statistica 8 software (34).
Correlation analysis and model validation
The software package used for correlation analysis and model validation was NCSS 2007 and GESS 2006 (35) . In the present study correlations between retention data (R M 0 ) and presented ADME properties of examined compounds were examined.
Statistical validity of the established mathematical models was determined by statistical measures: Pearson's correlation coefficient (r), standard deviation (s), and Fisher's value (F). Predictive power of the mentioned models was tested by leave-one-out cross-validation method and validated by the calculation of the following parameters: crossvalidated coefficient of determination (r 2 CV ), adjusted coefficient of determination (r 2 adj ), predicted residual sum of squares (PRESS), total sum of squares (TSS), and standard deviation based on predicted residual sum of squares (S PRESS ) (36, 37 
Results and Discussion
Retention behaviour of the examined 1,2-O-isopropylidene aldohexose derivatives was explained in detail in literature (23) . Therefore, in this study the focus was on comparison of their retention and ADME properties.
In the first step, PCA was performed on the retention data (R M 0 values obtained for three chromatographic systems) and ADME properties in order to reveal similarities and dissimilarities among the studied compounds. PCA applied on the entire set of R M 0 values resulted in a twocomponent model explaining 99.78% of the data variation (PC1 comprise 97.56% and PC2 2.22% of variances). The scores plot and the loadings plot of the first two PCs are presented in Figure 2 .
Along the PC1 axis scores plot (Figure 2A ) indicates that compounds 5 and 6 have the lowest retention factor, while the compound 1 has the highest retention, according to polarity of present substituents on C-3, C-5 and C-6 atoms (23) . Substituents affect the polarity of compounds, and therefore affect the retention order in applied chromatographic systems. Loadings plot revealed that all applied modifiers have the highest negative impact to the PC1 ( Figure 2B) .
The PCA performed on ADME properties resulted in a three-component model that explains 94.45% of total variance. The PC1 explains up to 55.28% of the variability, and the PC2 accounts for up to 31.91%. Score values and factor loadings of the first and the second PC are presented in Figure 3 .
Loadings plot shows that the majority of ADME properties have a negative impact on PC1, while only BBB, ICM, EI and MDCK have a positive influence. As it can be observed from the score plot ( Figure 3A ), compounds are grouped in similar way as in score plot based on retention data (Figure 2A ). This similarity may indicate connection between retention behaviour and ADME properties of the investigated compounds. 
A) B)
Correlation analysis revealed that the relationship between some of calculated ADME properties and retention data obtained in chromatographic systems with dioxane and tetrahydrofuran as modifiers are best described with polynomial function of the second degree. It was found that retention factors (R M 0 ) obtained in chromatographic system with aceton as modifier are not in good correlation with ADME properties. The statistical validity of the established models, as depicted in Table  3 , was determined by r, F, and s. Correlation coefficient higher than 0.90 indicates very high correlation between R M 0 and ADME properties.
F-value is found statistically significant at 99% level since all the calculated F-values are higher as compared to tabulated values. Equations 4-13 were cross-validated by the leave-one-out method (Table 4) . High values of r 2 cv and r 2 adj (higher than 0.5) and PRESS values significantly less than TSS were obtained for all the models and indicate that these models have very good predictive power.
The best correlations between R M 0 and BBB, SP, GPCR, EI, NRL, and Clog P parameters were obtained in chromatographic systems with dioxane and tetrahydrofuran as modifiers. Established models, presented in Table 3 , indicate that retention factor (R M 0 ) of the examined molecules could be considered as a predictor of skin permeability rate, blood-barrier penetration, partition coefficient Clog P, enzyme inhibition, and binding affinity to nuclear receptor and G protein-coupled receptor.
Conclusion
Because of limited number of the molecules studied in the present paper, the presented results should be treated as very preliminary ones, but some conclusions could be drawn.
According to calculated ADME properties, examined molecules exhibit enzyme inhibition, but have less emphasized binding affinity to NRL and GPCR. In the present study it is shown that compounds which have high lipophilicity, also have lower retention and higher BBB permeability and SP rate. It was found that experimentally determined retention parameter (R M 0 ) of studied 1,2-O-isopropylidene derivatives of aldohexoses were reliably correlated with in-silico calculated BBB penetration, SP rate, bioactivity score for EI, and binding affinity to NRL and GPCR, as well as partition coefficient for n-octanol/water bi-phase system (Clog P). Standard statistical measures and cross-validation parameters indicate that the established mathematical dependences between retention parametres and ADME properties are statistically valid. Also, PCA applied on both the retention parameters and calculated ADME properties showed similar grouping of molecules. That could indicate the similarity between retention and ADME properties of the examined molecules. On the basis of presented results it can be concluded 
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